Background: Thyroid dysfunction is associated with detrimental cardiovascular effects. We analyzed whether thyroid status is related to carotid artery plaques and prevalent strokes. Design, patients and measurements: Data from 2128 subjects (1157 men and 971 women) aged R45 years without thyroid diseases participating in the Study of Health in Pomerania were analyzed. The presence of carotid plaques was assessed by B-mode ultrasound and prevalent stroke was assessed by interview. The sample was divided according to the reference range of serum TSH levels into decreased (!0.25 mIU/l), normal (0.25-2.12 mIU/l), and elevated (O2.12 mIU/l). Logistic regression models were adjusted for common confounders including age, sex, BMI, hypertension, diabetes mellitus, smoking, school education, plasma fibrinogen and serum cholesterol levels, and statins. Results: The prevalence of carotid plaques at any site was higher in subjects with decreased serum TSH levels (81.7%) compared with normal serum TSH levels (70.2%) and elevated serum TSH levels (65.6%; P!0.001). Fully adjusted logistic regression models revealed increased odds for carotid plaques (odds ratio (OR) 1.67; 95% confidence interval (CI) 1.11-2.51; P!0.05) as well as for prevalent strokes (OR 1.98; 95% CI 1.05-3.73; P!0.05) in subjects with decreased serum TSH levels, while there was no association between elevated serum TSH levels and carotid plaques or stroke respectively. Conclusions: Thyroid function was associated with the presence of carotid artery plaques and prevalent strokes in this population-based sample. Periodical screening and early treatment of atherosclerotic risk factors should be performed in subjects with decreased serum TSH levels.
Introduction
Thyroid dysfunction is associated with detrimental cardiovascular effects and decreased serum thyrotropin (TSH) levels have been associated with all-cause and circulatory mortality in elderly people from the general population (1) as well as in cardiac patients (2) . To a certain extent, this may be explained by an association of very low serum TSH levels with an increased incidence of atrial fibrillation and resulting cardioembolic events (3) . On the other hand, hypothyroidism is associated with an increased risk of atherosclerosis (4) (5) (6) (7) . Data concerning the role of overt and subclinical hyperthyroidism in the development of atherosclerosis are still inconclusive. Studies have suggested both proatherosclerotic effects in subjects with decreased serum TSH levels (8) and protective effects of thyroxin against atherosclerosis (9, 10) .
Carotid artery plaque burden is a marker of generalized atherosclerosis (11) (12) (13) and increased cardiovascular and all-cause mortality risk (14) (15) (16) .
Presence of atherosclerotic plaques in the internal carotid artery is associated with an increased risk of incident stroke even in asymptomatic adults aged 65 years or older (17) . Thus, an association between thyroid dysfunction and carotid artery plaques might at least partly explain the elevated cardiovascular morbidity and mortality reported in thyroid dysfunction (18, 19) .
The aim of the present study was to provide evidence for an association between thyroid function, carotid artery plaque, and prevalent stroke in a populationbased sample, supporting the hypothesis of an elevated cardiovascular risk in thyroid dysfunctions.
A sample from the population aged 20-79 years was drawn using population registries. Finally, 7008 subjects were sampled, with 292 randomly selected persons of each sex in each of the twelve 5-year age strata. The net sample (excluding migrated or deceased persons) comprised 6267 eligible subjects. The SHIP sample comprised 4310 participants (68.8% of eligible subjects). Data were collected between October 1997 and May 2001. All participants gave informed written consent. The study was approved by the Ethics Committee of the University of Greifswald.
In the SHIP population, only participants aged R45 years (nZ2502) received carotid ultrasound. Subjects without values of serum TSH levels (nZ107) and with known or possible thyroid diseases (nZ267) were excluded from analyses, resulting in a final study population of 2128 subjects available for the present analysis.
Participant characteristics
Sociodemographic and medical characteristics were assessed by computer-assisted personal interviews including the following: age, sex, school education (!10, 10, and O10 years; categorization on the basis of the organization of the East German school system), pack years, and alcohol consumption (0, 1-20, 21-60, and O60 g per day). Prevalent diabetes, myocardial infarction, and stroke were defined as self-reported physician's diagnoses. Study participants were classified as never smoker, ex-smoker or current smoker. They were considered physically active if they participated in physical training during summer or winter for at least 1 h a week. Present medication was recorded by a computer-aided method using the anatomic, therapeutic, and chemical code. Systolic and diastolic blood pressure was measured three times in seated subjects after a 5-min rest period, with each reading being followed by a further rest period of 3 min. Mean blood pressure was calculated from the last two measurements. Pulse pressure was defined as the difference between mean systolic and diastolic measurements. Height and weight were measured for the calculation of body mass index (BMIZweight (kg)/height 2 (m 2 )).
Laboratory parameters
Serum TSH was analyzed by immunochemiluminescent procedures (LIA-mat, Byk Sangtec Diagnostica GmbH, Frankfurt, Germany). The functional sensitivity of the TSH assay was 0.03 mIU/l. Serum autoantibodies to thyroperoxidase (TPOAb) were measured by an enzyme immunoassay (VARELISA, Elias Medizintechnik GmbH, Freiburg, Germany). The functional sensitivity of this assay was 1 IU/ml. The reference range was !60 IU/ml for men and !100 IU/ml for women. The TPOAb status was defined as positive if values exceeded 200 IU/ml (20) . Enzymatic methods were used to measure total serum cholesterol (CHOD-PAP reagent, Boehringer GmbH, Mannheim, Germany) (21) . Serum low-density and high-density lipoprotein cholesterol were precipitated and measured photometrically (Boehringer GmbH, Mannheim, Germany). Plasma fibrinogen concentrations were assayed according to Clauss (22) , using an Electra 1600 analyzer (Instrumentation Laboratory, Barcelona, Spain). Serum hemoglobin (Hb) A1C was determined by high performance thinlayer chromatography (Bio-Rad Diamat), and lipoprotein (a) concentrations were determined with use of an immunoluminometric assay (Magic Lite Analyzer II Ciba Corning, MA, USA).
Ultrasound measurements
Certified medical assistants examined the thyroid and extracranial carotid arteries bilaterally with B-mode ultrasound using a 5 MHz linear array transducer and a high-resolution instrument (Diasonics VST Gateway, Santa Clara, CA, USA). Both the near and far walls of the common carotid, the internal carotid, the external carotid, and the carotid bifurcations on both sides were evaluated online for the presence of atherosclerotic plaques. Each vessel segment was visualized in multiple longitudinal and transversal planes. Atherosclerotic plaques were defined by the following criteria (23): a) focal thickening relative to adjacent segments (as evidenced by protrusion into the lumen and/or localized roughness with increased echogenicity) and b) an area of focal increased thickness (O1.3 mm) of the intimamedia layer (23) . A thyroid homogeneous echo pattern with reduced echogenicity was defined as hypoechogenic. An autoimmune thyroiditis was assumed if a hypoechogenic echo pattern of both thyroid lobes was combined with TPOAb positivity (20) .
Statistical analyses
Data on quantitative characteristics are expressed as median and 25th and 75th percentile as indicated. Data on qualitative characteristics are expressed as percent values or absolute numbers as indicated. For analysis, the sample was divided according to the serum TSH reference range that has been recently established for the study region (24) into decreased (!0.25 mIU/l), normal (0.25-2.12 mIU/l), and elevated (O2.12 mIU/l).
Comparisons among groups were made using c 2 test (nominal data) or Mann-Whitney U-test (interval data). Multivariable analyses were performed with logistic regression using carotid plaque or stroke as the dependent variable. The adjusted odds ratio (OR) with its 95% confidence interval (CI) was calculated. Firstly, a basic set of variables (age, sex, BMI, hypertension, diabetes mellitus, smoking status, and school education) was included in the model. Secondly, all other potential confounders were entered stepwise (criteria for entering PZ0.15, criteria for removing PZ0.20). Only variables that lead to a R5% change in the coefficient of interest were included in the full model, which was finally controlled for plasma fibrinogen and serum low-density lipoprotein cholesterol levels, and use of statins in addition to the basic set of variables. For all tests, a value of P!0.05 was considered statistically significant. Analyses were performed with SPSS software version 14.0.1 (SPSS Inc., Chicago, IL, USA).
Results
Among the 2128 subjects (1157 men and 971 women) included in the analyses, 226 had decreased (10.6%), 1839 normal (86.4%), and 63 (3.0%) elevated serum TSH levels. Further baseline characteristics are presented in Table 1 . Compared with those with normal serum TSH levels, subjects with decreased serum TSH levels were older. Participants with elevated serum TSH levels were more physically active, had a higher frequency of autoimmune thyroiditis, and a higher BMI in comparison with those with normal TSH levels ( Table 1) .
Compared with the normal TSH group, subjects with decreased serum TSH levels had a higher prevalence of carotid plaques at any location as well as higher crude frequencies of prevalent stroke ( Table 2) .
Inclusion of all potential confounders with the exception of the TSH status into multivariable logistic regression models revealed the following variables as independent risk factors for carotid artery sclerosis: age, higher BMI, history of hypertension or diabetes mellitus, current smoking, school education !10 years, high plasma fibrinogen levels, and use of statins ( Table 3) .
The crude as well as the adjusted statistical logistic regression models demonstrated an elevated OR for the presence of carotid artery plaques at any location for subjects with decreased serum TSH levels (OR 1.67; 95% CI 1.11-2.51; P!0.05; full model) compared with those with normal serum TSH levels (Fig. 1) . In addition, they had higher odds for prevalent stroke (OR 1.98; 95% CI 1.05-3.73; P!0.05; full model; Fig. 2 ). In contrast, there was no association between elevated serum TSH levels and carotid artery plaques at any location (Fig. 1 ) or prevalent stroke (Fig. 2) respectively.
Among the whole study population, 94 (4.4%) subjects were TPOAb positive. With respect to thyroid function, TPOAb-positivity was present in 8 (3.5%), 63 (3.4%), and 23 (36.5%) participants with low, normal, and elevated serum TSH levels respectively (P!0.001). TPOAb positivity was not associated with increased odds for carotid artery plaques within the fully adjusted model (OR 1.25; 95% CI 0.73-2.17; PZ0.42) among the whole study population. Likewise, the presence of a positive TPOAb status was not related to an increased odds ratio for carotid artery plaques in subjects with low (OR 1.05; 95% CI 0.10-11.57; PZ0.96), normal (OR 1.32; 95% CI 0.68-2.55; PZ0.68), or elevated (OR 1.68; 95% CI 0.09-32.87; PZ0.73).
Sensitivity analyses
Since the serum TSH reference range within our study region is relatively low compared with other studies Values are odds ratio and 95% confidence intervals by serum TSH levels (logistic regression analysis), dependent variable: carotid artery plaques at any location (y/n); *P!0.05 and † P!0.001 (&, reference: normal TSH); R 2 (Nagelkerke)Z0.337 for full model. -, crude model; C, adjusted for age and sex; %, basic set: adjusted for age, sex, BMI, hypertension, diabetes mellitus, smoking status, and school education; :, full model: adjusted for plasma fibrinogen and serum low-density lipoprotein cholesterol, and use of statins in addition to the variables of the basic set.
(24), we performed some additional sensitivity analyses using varying cut-offs. These analyses did not substantially change the main results. For example, when the lower limit of TSH was defined !0.4 mIU/l and the upper limit O4.0 mIU/l, 566 (26.6%) subjects had decreased, 1539 (72.3%) normal, and 23 (1.1%) elevated serum TSH levels. The OR for carotid plaque (full model) was then 1.32 (95% CI 1.01-1.73; PZ0.039) in subjects with decreased serum TSH levels compared with those with normal serum TSH levels, while it was not statistically significant among those with elevated serum TSH levels (OR 0.52; 95% CI 0.19-1.45; PZ0.212). With respect to logistic regression models for strokes, further analyses were performed including plaque variables in addition to the full statistical model in order to test for possible modulations. However, this did not have any substantial effects on the above reported findings. For example, the OR for stroke was 1.95 (95% CI 1.03-3.69) for subjects with decreased serum TSH levels after inclusion of the variable plaque at any location in the full model.
Discussion
The present study revealed an association between thyroid function, carotid plaques, and stroke prevalence. Subjects with decreased serum TSH levels had increased odds for the presence of carotid plaques compared with those with normal serum TSH levels. This relationship remained statistically significant after appropriate adjustment for major atherosclerotic risk factors. The occurrence of carotid plaques is associated with generalized atherosclerosis (11) (12) (13) . Besides thyroid function, we also identified traditional cardiovascular risk factors as independent predictors for carotid plaques. This emphasizes the validity of our methods to determinate carotid plaques.
Our results showing an increased OR for carotid plaques in subjects with decreased serum TSH levels supplement recent analyses from SHIP (8) that have demonstrated higher values of the intima-media thickness (IMT) of the common carotid artery in subjects with decreased serum TSH levels compared with euthyroid subjects. Increased IMT of the common carotid artery has been shown to be a valid marker of both coronary (25) , and generalized atherosclerosis (13, 26) , as well as a predictor of future cardiovascular events (27) . Our observation is further strengthened by the data on stroke prevalence that was also higher in subjects with decreased serum TSH compared with those with normal levels. This association was very strong, although the prevalence of stroke in our population was relatively low. Only few previous studies have investigated a possible linkage between thyroid function and stroke. In contrast to our findings, data from a 20-year follow-up of 5269 participants aged 25-74 years at baseline of the First National Health and Nutrition Examination Survey demonstrated a significantly higher relative risk for all strokes (relative risk 1.6; 95% CI 1.0-2.6) and ischemic stroke (relative risk 1.6; 95% CI 1.0-2.7) respectively, in hypothyroid subjects (28) . These discrepancies might be explained at least in part by differences concerning the study design and the study populations. In the latter study (28) , analyses were performed only with respect to a possible relation between (overt) hyperthyroidism and stroke, but not with a focus on decreased serum TSH levels or subclinical hyperthyroidism. Our study region is an area of former iodine deficiency (29) where decreased serum TSH values are more common (20, 24, 30, 31) when compared with the National Health and Nutrition Examination Survey (28) . Moreover, hyperthyroidism after iodine supplementation predominantly affects older people (32) . Accordingly, the mean age of subjects with low TSH levels among our study sample was significantly higher than in the two other groups. Thus, it cannot be excluded that the observed relation between low serum TSH levels and increased stroke prevalence might be of particular importance in iodine deficiency areas. Another recent retrospective study in 744 consecutive acute stroke patients, however, has demonstrated a better clinical outcome in patients with a pre-existing hypothyroid function (33) . Partly in line with these findings, subjects with elevated serum TSH levels in our study had a decreased OR for prevalent stroke as well, although this was far from statistical significance.
Our findings of an association between decreased serum TSH levels, carotid plaque, and stroke might point towards an increased atherosclerostic risk in affected persons. These results seemingly support the hypothesis of an increased all-cause and circulatory mortality in elderly subjects from the general population with low serum TSH levels (1) . Recently, an increased risk of cardiac death has also been demonstrated for subclinical hyperthyroidism, low tri-iodothyronine (T 3 ) syndrome, and subclinical hypothyroidism compared with euthyroidism during a 32-month follow-up in cardiac patients (2) . In contrast to our study, these were patients with pre-existing cardiovascular diseases and not relatively healthy subjects from the general population, thus representing a completely different population.
The biological mechanisms that could link low serum TSH levels with atherosclerosis within our study population remain to be elucidated. Thus, our findings are in conflict with some studies that have demonstrated an association between hypothyroidism and an elevated risk for atherosclerosis (4) (5) (6) (7) . Elevation of serum lipids is probably a major factor for this association (34) . In addition, some studies have demonstrated an association between thyroid autoimmunity and coronary heart disease in (subclinical) hypothyroidism (35-37), while we did not find any association between TPO antibody positivity itself, carotid plaque formation and serum TSH levels in any direction. For low TSH values, this is in line with a previous study that could not confirm an association between thyroid antibodies and atherosclerosis in hypothyroid subjects (5, 38, 39) . Regarding the association of low serum TSH levels, carotid plaque formation, and prevalent stroke, the interpretation is much more complex. At first glance, our results seem to be in contrast to other data that showed even protective effects against atherosclerosis (9, 10) , an improvement in endothelial-dependent vasodilation by T 3 therapy (40) or an increased NO availability in hyperthyroid patients (41) . On the other hand, it has been demonstrated that overt hyperthyroidism may cause systolic hypertension by positive inotropic and chronotropic effects of thyroid hormones (42, 43) . Another study found a small decline of mean daytime systolic blood pressure in ten younger subjects with subclinical hyperthyroidism after restoration of euthyroidism by radioiodine or antithyroid treatment (44). Hypertension is not only an important risk factor for the development of atherosclerosis, but also may contribute to increased vascular stiffness, which is a marker of subclinical atherosclerosis (45) . In fact, two studies have reported increased vascular stiffness of carotid arteries in patients with hyperthyroid Graves' disease (46, 47) . Thus, such associations could hypothetically explain in part the relation of low serum TSH levels and carotid plaque formation observed in our study. However, due to the cross-sectional design, we are not able to draw any causal conclusions with respect to thyroid function and carotid plaque formation or stroke prevalence.
Some further limitations need to be considered for the interpretation of our data. Our results are derived from a general population living in a former iodine deficiency area (29) . Thus, extrapolation to patient collectives and other population is not generally possible. Furthermore, patients with atherosclerotic diseases, including strokes, may have received iodine containing contrast agents that may have potentially influenced serum TSH levels (48) , and misclassification bias in the exposure definition might have affected the results. Moreover, it cannot completely be excluded that in some subjects thyroid function was altered due to a non-thyroidal illness. However, since data are taken from a population-based study, the possibility of coexisting severe diseases was very low. Although we carefully controlled our analyses for imbalances in confounding factors including age, sex, and cardiovascular risk factors among the exposure groups, we cannot fully rule out residual confounding by some of these factors. The large sample size, the availability of data on key risk factors, the wide range of age of participants, and the consistence of our findings over a number of sensitivity analyses are strengths of our study. Additional studies are needed to confirm the demonstrated associations focusing particularly on subjects with subclinical thyroid dysfunctions. Follow-up investigations are required to investigate the prognostic value of the relationship between thyroid function, carotid plaques, and stroke as a strong and independent predictor of all-cause and cardiovascular mortality (14) (15) (16) .
In conclusion, we demonstrated an association between thyroid function, carotid artery plaque burden, and prevalent stroke among the normal population. Since this may reflect an increased atherosclerotic state in subjects with decreased serum TSH levels, they should be periodically screened for atherosclerotic diseases, and concomitant risk factors should be treated at an early stage.
